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Description

Field of the invention

[0001] The present invention relates to a system to
drive a subject to walk or to jump or to run maintaining a
predetermined gait cadence.

Prior art

[0002] The need of driving one or more people to walk
maintaining a given gait cadence is felt in several fields.
[0003] In particular, this it is necessary in order to re-
habilitate patients who walk asymmetrical and/or irregu-
larly, typically due to a cerebrovascular hit or to some
nervous system disease such as Parkinson’s disease or
from peripheral neuropathy. Such an irregular gait can
causa the patient to fall down, to hit against objects and,
with the time, it can be the origin of painful muscle and
bone illnesses.

[0004] Medical sensory substitution devices are known
that aim atrestoring a patient’s sensitivity and awareness
of his/her own gait, which has been compromised by a
peripheral neuropathy. This awareness is necessary for
the patient to walk correctly. In particular, WO
2012/142041 A1 and US 2007/0173903 A1 propose sys-
tems comprising sensors, such as accelerometers, to
provide a feedback about an ongoing gait, a means for
collecting, processing and sending related signals to a
haptic device of the system arranged at a patient’s sen-
sory sound region, and configured to change these sig-
nals into vibrotactile stimulations, by which the patient
becomes aware again of his/her own gat progression and
can recognize, in particular, the initial contact and the
toe-off stages carried out by each foot.

[0005] WO 2005/086574 A2 describes a rehabilitation
device in which a sensorized support element for a pa-
tient’s limb, along with possible position sensors and/or
accelerometers, can follow the limb movements and pro-
duce related position signals, a music generator and a
control device for receiving the signals and modifying the
rhythm of the music emitted by the generator according
to the movements.

[0006] WO 2015/088863 A2 describes a rehabilitation
garment for of a patient in an exemplary embodiment of
which piezoelements are provided that are configured to
producing subliminal vibrations.

[0007] The need of providing a gait cadence to one or
more subjects can occur also when a performance im-
provement is sought for one or more athletes, in order to
achieve a target performance or a performance that a
trainer shows, by his own gait cadence, during a training
session. However, such a need can also occur in a re-
habilitation procedure. At any rate, in some instances
some people can desire synchronizing their own gait ca-
dences while moving along respective paths that are far
away from one another, just for amusement.

[0008] Providing agaitcadence, and possibly synchro-
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nising the gait cadence of a few people can also be re-
quired in a method of guiding one or more subjects along
one or more predetermined paths, in particular, in order
to cover the path in a predetermined time and/or in order
to reach a predetermined meeting place, without ex-
changing messages that can be intercepted by a third
party, such as radio messages and the like.

[0009] Guiding systems are known, in particular for
partially sighting or blind people, for instance, from
US2006129308A1 and by PI2014A000016, the latter in
the name of the same applicants of the present applica-
tion. GPS-assisted haptic systems providing direction
data are also known from US2013218456 or from
US2013218456.

Summary of the invention

[0010] Itis therefore a feature of the invention to pro-
vide a rehabilitation system for providing a gait cadence
to a patient who walks asymmetrically and/or irregularly
due to a cerebrovascular hit or to some nervous system
disease such as Parkinson’s disease, which allows to
restore a regular gait cadence in a shorter time and with
lower stress and discomfort for the patient.

[0011] It is another feature of the invention to provide
a system for synchronizing the gait cadence of a few
people, in particular, to the gait cadence shown by a sport
or rehabilitation trainer or for allowing gait cadence syn-
chronization to a few people running or walking along
paths that are far away from one another.

[0012] Itis also a feature of the invention to provide a
system for guiding one or more subjects along a path
that is at least in part unknown to the subject(s), so as to
move from a respective starting position to a respective
destination, in particular to a common meeting position,
in particular, in a predetermined time, and without ex-
changing messages that can be intercepted by a third
party.

[0013] These and other objects are achieved by a hap-
tic system for providing a gait cadence to a subject, ac-
cording to claim 1;

the system comprising:

- a portable telecommunication device compris-
ing a control unit and a wireless transmission
means;

- avibrotactile device configured to be tightly worn
on a portion of the subject’s body, and compris-

ing:

- at least one motor configured to generate
vibrations that can be perceived by the sub-
ject;

- an actuation unit configured to actuate the
motor,

wherein
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- the actuation unit is configured to receive wire-
less signals from the wireless transmission
means of the portable telecommunication de-
vice and to cause the motor to produce vibra-
tions responsive to the wireless control signals;

- in the control unit a generation program is resi-
dent configured to generate cadence signals
and to transmit the wireless signals responsive
to the cadence signals by the wireless transmis-
sion means of the portable telecommunication
device to the actuation unit;

- the generation program is configured to cause
the motor to generate corresponding cadence
pulses, in order to cause said motor to generate
said vibrations, in such a way that the subject
can cadence his/her own gait responsive to the
pulses, the program configured to generate,
through the cadence signals:

- acadence pulse rate set between 0,5 and
3 pulses per second;

- asingle pulse duration set between 0,1 and
1,0 second;

- arepetition of the pulses for at least 30 sec-
onds.

[0014] This way, a subject who wears the haptic sys-
tem can adjust the gait cadence, when walking or run-
ning, to such vibration pulses.

[0015] In particular, for patients suffering from Parkin-
son’s disease, has been verified that a predetermined
gait cadence, which a doctor can assess as suitable for
each single patient, can assist the patient to walk prop-
erly, thus obtaining beneficial health effects for the pa-
tient. Actually, a parkinsonian subject cannot easily main-
tain a prefixed gait cadence, and the vibratory haptic stim-
ulation assists the muscular actuation decision process
that is required to begin a step.

[0016] Preferably, the haptic system comprises a cou-
ple of right and left vibrotactile devices, each having:

- respective right and left motors, each configured to
generate vibrations that can be perceived by the sub-
ject;

- respective right and left actuation units, configured
to actuate the right motor and the left motor, respec-
tively;

and each configured to be tightly worn on a right part and
on a left part of said subject’s body, with respect to the
middle sagittal plane of the body, and wherein the gen-
eration program is configured to cause the right motor
and the left motor to alternatively generate the cadence
pulses, globally respecting the cadence pulse rate, which
is set between 0,5 and 3 pulses per second.

[0017] This way, the subject perceives vibrotactile
pulses on the right part and on the left part of his/her own
body, at an alternated rate, which assists maintaining the

10

15

20

25

30

35

40

45

50

55

predetermined gait cadence. This is particularly advan-
tageous for those patients, such as people suffering from
Parkinson’s disease, who have asymmetric posture and
motion of his/her right and left body parts. Actually, by
providing regularly alternate cadenced pulses both on
the right part and on the left part, typically on the right
limb and on the left limb, the patient can be rehabilitated
to move his/her right and left limbs according to a regular
gait cadence, and to assume a symmetrical body pos-
ture.

[0018] In an exemplary embodiment, the system com-
prises a sensor configured to provide position signals of
a lower limb in a gait cycle to the control unit, and the
generation program resident in the control unit is config-
ured to modify the cadence pulse rate responsive to such
position signals.

[0019] This way, the subject can wear the sensor and
receive the vibrotactile stimulations when a determined
step of the gait cycle takes place, for instance whenever
the foot touches the soil and whenever the foot all the
times that occurs the abutment of the foot to ground, or
whenever the foot is detached from the soil. This is the
case, in particular, of an exemplary embodiment of the
system in which the sensor is integral to the vibrotactile
device. This configuration is advantageous because, as
shown by experimental tests, the gait synchronization to
a regular cadence, i.e. providing a gait cadence, is ob-
tained more quickly if the stimulations are not given re-
gardless to the subject’s initial gait, but they are given at
a predetermined step of the gait cycle, for example at the
initial contact step or at the toe-off step.

[0020] Inanother pointof view, in some exemplary em-
bodiments, systems comprising position sensors for pro-
viding lower limbs position signals during the gait cycle,
can obtain a feedback on the actual subject’s gait con-
ditions and, through such a system, this feedback can
be notified to a possible remote operator or assistant.
[0021] In a particular exemplary embodiment, or in a
particular operation mode, the system can also adjust
the gait cadence required to the subject according to a
performance the subject can achieve. In other words, if
the subject has a gait cadence that is always higher than
the value calculated by the control unit, the latter adjusts
the required gait cadence to a value that is at least the
same as the one detected by the position signals or the
same as an average value calculated with reference to
apredetermined number of recent steps. Onthe contrary,
if the subject has a gait cadence thatis always lower than
the value calculated by the control unit, the latter adjusts
the required gait cadence to a value that is at most equal
to or slightly higher than what detected through the po-
sition signals, or the same as said average value.
[0022] In particular, the control unit is configured to
measure a current step rate according to the position
signals and to compare the current step rate with a cur-
rent value of the cadence pulse rate, and the generation
program resident in the control unit is configured to mod-
ify the cadence pulse rate from the current value to a
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modified value corresponding to the current step rate, if
the current step rate is not modified within a predeter-
mined time. In particular, this change of the current step
rate is provided if the current step rate is not modified
within a time maximum set between 5 and 10 seconds.
[0023] This way, the subject who moves at a gait rate
corresponding to the current cadence pulse rate can
modify the cadence pulse rate by increasing or decreas-
ing the gait cadence for a time equal to or longer than
the predetermined time. This allows the subject to
change the cadence pulse rate without stopping or with-
out changing the settings of the portable telecommuni-
cation device while advancing. Moreover, the predeter-
mined time is selected in such a way that a possible tem-
porary step rate decrease or a stop are not understood
by the system as if the subject wished to change the step
rate.

[0024] In particular, the sensor comprises a pressure
or contact sensor, and the position signals are pressure
signals or signals responsive to the contact between a
foot of the lower limb and the soil. This makes it possible
to integrate the sensor in an insole of a shoe with which
the subject can be provided, or which can be a part of
the system. In particular, this makes it possible to inte-
grate a plurality of sensors at different positions of the
insole, in order to describe and notify to the control unit
particular positions of the foot as long as the latter is in
contact with the soil, responsive to the amount and to the
position of the sensors that are in a contact or compres-
sion condition, due to the instantaneous contact of the
insole with the soil. This allows providing the vibrotactile
stimulations at a precise step of the gait cycle.

[0025] Asanalternative, orinaddition, the sensorcom-
prises an accelerometer, and the position signals are ac-
celerometer signals. This makes it possible to describe
and notify to the control unit particular positions of the
foot even when the latter is no longer in contact with the
soil, which allows providing vibrotactile stimulations even
when the foot is not in contact with the soil.

[0026] Inanexemplary embodiment,the sensoris sep-
arate from the vibrotactile device. This way, the sensor,
regardless itis an accelerometer or a pressure or contact
sensor, can be worn by someone who is not the same
person as the subject, and who performs an exemplary
gait at the same time as the subject. This person and the
subject can be a rehabilitation trainer and a patient suf-
fering from a nervous system diseases such as the Par-
kinson’s disease, or from peripheral neuropathy, respec-
tively, or they can be a sport trainer and a subject or
sportsman who wants to achieve a regular gait while run-
ning or walking, or to improve his/her own performances.
The device according to this exemplary embodiment al-
lows an emulation process by the subject through a sen-
sory-motor channel. Actually, a stimulation provided
through such channel makes it possible to obtain a syn-
chronisation to a desired gait cadence more effectively
and more quickly than a stimulation made through visual
or acoustic communications channels only.
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[0027] In a system according to an advantageous ex-
emplary embodiment of the invention, comprising a sen-
sor configured to provide position signals of a lower limb
in a gait cycle, the portable telecommunication device is
afirst portable telecommunication device with a first con-
trol unit and a first wireless transmission means, and the
vibrotactile device is a first vibrotactile device with a first
motor and a first actuation unit, and the system also com-
prises:

- a second portable telecommunication device com-
prising a second control unit and second wireless
transmission means;

- a second vibrotactile device comprising a second
motor configured to generate vibrations that can be
perceived by a second subjectand comprising a sec-
ond actuation unit configured to actuate the second
motor;

the second actuation unit configured to receive wire-
less signals from the second wireless transmission
means of the second portable telecommunication
device and to cause vibrations of the second motor
responsive to the wireless signals,

wherein the first control unit is configured to measure
a first current step rate starting from the position sig-
nals provided by the sensor, and for wirelessly com-
municating the first current step rate to the second
portable telecommunication device,

wherein in the second control unit a cadence signals
generation program is resident configured to gener-
ate cadence signals and to transmit the cadence sig-
nals through the second wireless transmission
means to the second actuation unit,

wherein the second actuation unit is configured to
receive wireless signals from the second wireless
transmission means and to cause vibrations of the
second motor responsive to the wireless signals,

[0028] This way, a first subject or a master subject, or
a main subject, who wears the first couple of vibrotactile
devices, can haptically communicate his/her own step
rate to a second subject or slave subject, or subordinate
subject, who wears the second vibrotactile device, sim-
ilarly to what is possible by the above-described embod-
iments comprising an accelerometer, or a contact/pres-
sure sensor, or another kind of sensor for measuring the
position of the limbs, separate from the vibrotactile de-
vice. In this case, however, due to the presence of two
different portable telecommunication devices, it is possi-
ble to enable this haptic communication process and it
is therefore possible to synchronise the two subjects’ gait
cadence, even if they are far away from each other by
kilometres. By this exemplary embodiment, rehabilitation
or training sessions can be organized for a patient and
for a sportsman, respectively, by a remote rehabilita-
tion/sport trainer, with respect to the person to whom the
cadence pulses are addressed. More in general, social
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running or collective running sessions can be carried out
by two or more than two subjects that are far away from
one another, wherein one of the subjects plays the role
of leader or master subject, and the other(s) aim(s) at
synchronizing to the master subject.

[0029] In an exemplary embodiment, in the second vi-
brotactile device a second sensor is provided configured
to provide position signals of a lower limb of the second
subject in a gait cycle, and the second control unit is
configured to measure a second current step rate of the
second subject starting from position signals coming from
the second sensor, and to notify the second current step
rate to the first portable telecommunication device.
[0030] This way, the first subject and the second sub-
ject can mutually synchronize their own gait cadence by
a haptic means. For instance, whenever one of the two
subjects begins to modify his/her own step rate, he im-
poses this rate change to the other subject. In particular,
this is useful to perform social or collective running events
in which two or more than two subjects wishes to wherein
two or more subject wish to run and mutually synchronize
their own gait cadence.

[0031] In an exemplary embodiment, the system can
comprise:

- aplurality of vibrotactile devices with respective mo-
tors and actuation devices;

- a plurality of portable telecommunication devices
with respective control units and wireless communi-
cation means;

- aplurality of sensors configured to provide position
signals of a lower limb of a respective subject who
wears one of said vibrotactile devices in a gait cycle,

and said generation program, which is resident in each
control unit, is configured to cause a respective motor to
generate cadence pulses having a rate equal to an av-
erage value of rate values detected starting from said
position signals.

[0032] In an advantageous exemplary embodiment,
portable telecommunication device 16 comprises a nav-
igation system 43 configured to generate direction sig-
nals 66 according to a predetermined path selected for
the subject, whereas the control unit 17 is configured to
transmit to the actuation unit 14 further wireless signals
45 responsive to direction signals 66, so that the actua-
tion unit 14 causes the motor 12 to generate direction
pulses 49, where direction pulses 49 differ from cadence
pulses 19 by at least one feature selected among the
pulse duration, the repetition of the cadence pulses and
an intensity of the cadence pulses.

[0033] In particular, in a system with right and left vi-
brotactile devices, the control unit 17 is configured to
transmit the further wireless signals 45 responsive to right
and left direction signals 66 to the right 14d,24d actuation
unit and to the left actuation unit 14s,24s, respectively.
This way, the actuation unit 14 causes the right motor
12d,22d and the left motor 12s,22s to generate right and
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left direction pulses 49, respectively. In particular, the
control unit 17 is configured to transmit the further wire-
less signals responsive to stop or U-turn direction signals
66 to both right 14d,24d and left 14d,24d actuation unit.
This way, the actuation unit 14 causes both right 12d,22d
and left 12s,22s motors to generate stop or U-turn direc-
tion pulses 49.

[0034] Inanotheradvantageous exemplary alternative
embodiment, as an alternative to the previous one, port-
able telecommunication device 16 similarly comprises
the navigation system 43, and the control unit 17 is con-
figured to as in the previous exemplary embodiment.
Moreover, the vibrotactile device comprises a further mo-
tor 38 arranged at a predetermined distance from the
motor 12,22, and the actuation unit 14,24 is configured
to cause the further motor 38 to generate direction pulses
49, in such a way that the subject perceives the direction
pulses and the cadence pulses at different points of
his/her body part 6.

[0035] In particular, in a system with right and left vi-
brotactile devices having further right and left motors 38,
respectively, configured to generate vibrations that can
be perceived by the subject, the actuation unit 14,24 is
configured to cause the further right and left motor 38 to
generate right and left direction pulses 49, respectively,
and to cause both right and left further motors 38 to gen-
erate stop and U-turn direction pulses 49.

[0036] In an exemplary embodiment, the motor com-
prises a driven rotating shaftincluding an eccentrical por-
tion. Such motors are normally used in some portable
telephone devices to obtain various signals in the form
of vibrations, and are not expensive, which allows limiting
the production costs of the system.

[0037] As an alternative, the motor can be a voice coil-
type motor. This kind of motor makes it possible to control
the vibration amplitude and frequency independently
from each other, and allows therefore codifying different
type of information by changing either of these physical
quantities associated to the cadence pulses, forexample,
in order to distinguish the direction pulses from the ca-
dence gait pulses in the case of a vibrotactile unit having
a single motor.

Brief description of the drawings

[0038] The invention will be now shown with the fol-
lowing description of its exemplary embodiments, exem-
plifying but not limitative, with reference to the attached
drawings, in which:

- Fig.1 shows a haptic system for providing a gait ca-
dence to a subject according with a first exemplary
embodiment of the invention;

- Figs.2 and 3 diagrammatically show the cadence
pulse rate and the single pulse duration of cadence
pulses generated by the vibrotactile devices of the
system according to the invention;

- Fig.4 diagrammatically shows the duration of a se-
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quence or repetition of said cadence pulses;

Fig.5 shows a vibrotactile device arranged on a band
to be worn by a subject;

Fig.6 diagrammatically shows the structure of a vi-
brotactile haptic device comprising a single motor;
Fig.7 shows a vibrating motor for the vibrotactile hap-
tic device of Fig.6, according to an exemplary em-
bodiment;

Fig.8 shows a Blueetooth module or antenna of the
vibrotactile haptic element of Fig.6;

Fig.9 shows a motor control module of the vibrotac-
tile haptic element of Fig.6;

Fig.10 shows a system according with another ex-
emplary embodiment of the invention, in which a cou-
ple of right and left vibrotactile devices is provided;
Fig.11 shows the system of Fig.10 for a rehabilitation
purpose by a remote rehabilitation trainer;

Fig.12 is a block diagram describing the operation
of a system according to the exemplary embodi-
ments shown in Figs.1, 10, 11;

Fig.13 shows a system according to a modification
of the system of Figs.10 or 11, in which a sensor is
provided, in this case an accelerometer, configured
to provide a position signal of a lower limb of the
subject, for a rehabilitation purpose by a remote re-
habilitation trainer;

Fig.14 shows the system of Fig.13, for a rehabilita-
tion purpose by a local rehabilitation trainer;

Fig.15 shows a system according to a modification
of the system of Fig.12, in which a couple of sensors
is provided for measuring the position of both lower
limbs, and wherein said sensor is a sensor of contact
or of pressure;

Figs.16 and 17 show systems second further exem-
plary embodiments of the invention, in which two vi-
brotactile devices or two couples of vibrotactile de-
vices are provided for two different subjects, for a
remote training or social running purpose;

Fig.18 shows a system according to a modification
of the exemplary embodiment shown in Fig.17, in
which sensors are provided for measuring the posi-
tion of the lower limbs of both the subjects performing
a social running session;

Fig.19 is a flow diagram of a procedure of adjusting
the cadence pulse rate provided by a system accord-
ing to the invention to a subject’s current step rate;
Figs.20-22 are flow diagrams describing the opera-
tion of the system of Fig.17 and an operation mode
of the system of Fig.18;

Fig.23 shows a diagrammatical showing the ele-
ments of the system according to the modification of
Fig.18 along with the steps of the procedure shown
in Fig.22;

Figs.24 and 25 diagrammatically show a system ac-
cording to further embodiments of the invention, con-
figured to provide direction pulses to a subject, as
well as gait pulses, comprising respectively one and
two vibrotactile device(s) that can be worn on corre-
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sponding body parts of the subject;

- Fig.26 diagrammatically shows the operation of the
vibrotactile device of Fig.6, having one motor only,
in the system of Fig.26 or of Fig.27;

- Fig.27 diagrammatically shows a vibrotactile haptic
device comprising two motors to generate gait puls-
es and direction pulses for the system of Fig.26 or
of Fig.27, respectively.

Detailed description of the invention

[0039] With reference to Fig.1, a haptic system 10 for
providing a gait cadence to a subject 1, according to a
first exemplary embodiment of the invention, comprises
a vibrotactile device 11 configured to be tightly worn on
a part of the body 6 of subject 1.

[0040] As Fig.5 also shows, vibrotactile haptic device
11 can be connected to a band 11’, or can comprise band
11°, for example the band 11’ of a bracelet (Fig.1), or of
a garment to be worn on another part of the body.
[0041] The body part on which or about which vibro-
tactile haptic device 11 is configured to be worn, can be,
for instance, an arm 6, as in Fig.1, but also a forearm, or
aleg 6,6d,6s, as shown, for example, in Figs.10, 17 and
23, or can be a body part different from a limb, such as
the waist 6 of Figs.16 and 24.

[0042] As also shown in Fig.1, haptic system 10 com-
prises, besides vibrotactile device 11, a portable tele-
communication device 16, in which wireless transmission
means 18 is prearranged, as well as a control unit 17,
configured to transmit wireless signals 15 through wire-
less transmission means 18.

[0043] More in detail, a program means is resident in
control unit 17 of portable telecommunication device 16
to generate wireless signals 15 and to transmit the latter
to actuation unit 14 of vibrotactile device 11, by wireless
transmission means 18.

[0044] As showninFigs.1and 6, vibrotactile device 11
comprises at least one motor 12 configured to generate
vibrations 13 (Fig.1) that can be perceived by subject 1
at his/her own body part 6, and an actuation unit 14 con-
figured to operate motor 12.

[0045] More in detail, actuation unit 14 is configured to
receive wireless signals 15 and to produce drive electrical
signals, not shown, responsive to wireless signals 15,
whereas motor 12, which is in electrical communication
with actuation unit 14 so as to receive the drive electrical
signals, is configured to generate said vibrations, i.e. ca-
dence pulses 19. The program means of control unit 17
is then configured to cause motor 12 to generate cadence
pulses 19 in the form of of vibrations, responsive to wire-
less signals 15.

[0046] In the exemplary embodiment as shown, motor
12 and actuation unit 14 are mounted on a same support
55, typically on a flexible support, or on a flexible printed
circuit, which can be embedded in band 11’ and arranged
on body part 6 of subject 1 along with it.

[0047] According to the invention, each cadence pulse
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19 has a length D set between a minimum value D, of
0,1 s and a maximum value D,,,, of 1 s, as shown in
Fig.3. The cadence pulse rate is set between 0,5 pulses
per second, as in Fig.3, and 3 pulses per second, as in
Fig.2.

[0048] As shown in Fig.4, the minimum duration T of
a repetition or train or sequence of pulses is longer than
a minimum value T, of 30 seconds.

[0049] Vibrating motor 12 is preferably configured to
be controlled by control unit 17, for example, by the
Blueetooth communication protocol, i.e. through Bluee-
tooth signals 15.

[0050] In an exemplary embodiment, motor 12 com-
prises a driven rotating shaft having an eccentrical por-
tion. This type of motors is normally used in the portable
telephone devices, and makes it possible to easily gen-
erate vibrations that can be perceived by a subject with
a minimum energy consumption.

[0051] In particular, vibrating motor 12 can be a Preci-
sion Microdrives 303-100 Pico Vibe 3,2 mm motor. Vi-
brating motor 12, diagrammatically shown in Fig.7, has
preferably a cylindrical shape, and arranged within a cy-
lindrical protection container, not shown, made, for in-
stance, in ABS.

[0052] Vibrotactile haptic device 11 can be supplied by
Li-lon batteries, not shown, suitable to assure an auton-
omy of about 4 hours with the above motor always on.
[0053] Asanalternative, in an exemplary embodiment,
not shown, motor 12 can be a voice coil-type motor, in
which the generated vibration amplitude and frequency
can be controlled independently from each other.
[0054] Actuation unit 14 comprises areceiving module,
preferably a Blueetooth module or antenna 54, diagram-
matically shownin Fig.8, forreceiving signals 15 obtained
from control unit 17 (Fig.1).

[0055] Blueetooth antenna or module 54 can be for
example a Microchip Technology Inc. RN42 module,
which is configured to provide a 3.0/2.0/1.2/1.1 Bluee-
tooth connection. For communication between control
unit 17 and vibrotactile haptic device 11 a 9600 baud rate
is preferably used. Actuation unit 14 also comprises a
control module 12’ of vibrating motor 12, shown in Fig.9
in an embodiment thereof. For instance, control module
38 comprises an Arduino Pro Mini 3.3 V electronic board
on which a microcontroller 39 can be installed, such as
an ATmega 328 microcontroller.

[0056] Preferably, portable telecommunication device
16 is a smartphone, a tablet or an equivalent advanced
telephone device, preferably one thatis easy to be carried
by the subject or the sport or rehabilitation trainer. In this
case, wireless transmission means 18 comprises a
Blueetooth of the telephone device, with which Bluee-
tooth module 54 of actuation unit 14 is compatible. Sim-
ilarly, the program means of control unit 17 can comprise
an application of the system according to the invention,
whereas control unit 17 comprises components of the
telephone device in which this application is resident or
run.
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[0057] System 20 of Figs.10 and 11, according to an-
other exemplary embodiment of the invention, comprises
two vibrotactile devices 11d,11s, in this case a right vi-
brotactile device 11d and a left vibrotactile device 11s,
configured to be tightly worn on a right body part 6d and
on aleftbody part6s of subject 1. In particular, vibrotactile
devices 11d,11s are configured to be tightly worn on right
leg 6d and the left leg 6s, respectively, of subject 1, to
whom a gait cadence must be provided.

[0058] In this exemplary embodiment, control unit 17
of telecommunication device 16 is configured to transmit
wireless signals 15 to right and left actuation units, not
shown, such as actuation unit 14 of vibrotactile device
11 of Fig.6, so that the latter transfer electrical drive sig-
nals alternately to motors 12 of right and left vibrotactile
devices 11d,11s, globally respecting the pulse rate gen-
erated by the program means, set between 0,5 and 3 per
second.

[0059] In particular, Figs.10 and 11 refer to an use of
system 20, or of a modification or exemplary embodiment
thereof, according to the invention, for motion rehabilita-
tion of a subject 1 who walks irregularly and/or asymmet-
rically, for instance, a subject suffering from a nervous
system disease such as Parkinson’s disease or from pe-
ripheral neuropathy. An irregular and asymmetrical gait
causes in turn various troubles, in particular joint compli-
cations. Medical investigations and tests on a plurality of
patients have shown that, by alternately stimulating sub-
ject’s 1rightleg 6d and subject’s 1, a cadenced and sym-
metrical gait can be restored in subject 1.

[0060] The target step rate can be indicated to the pa-
tient through a haptic system in which a single vibrotactile
device 11 is provided and is arranged on a body part that
can also be different from a leg. To this purpose, for in-
stance, haptic system 10 of Fig.1 can also be used, which
comprises a bracelet vibrotactile device. In any case, us-
ing two right and left vibrotactile devices 11d,11s, and
wearing them on legs 6d,6s assists understanding the
gait cadence instructions, in particular, for a subject with
reduced cognitive function.

[0061] In a first modification, or in a first mode of use,
as shown in Fig.10, system 20 can be used autonomous-
ly. In this case, the cadence signals generation program
that is resident in control unit 17 of telecommunication
device 16 comprises values of cadence pulse rate and
duration of exercise duration to be carried out by subject
1, and is started by subject 1 itself or by a trainer.
[0062] In a second modification, or in a second mode
of use, as shown in Fig.11, system 20 can be used under
aremote assistant’s 99 supervision. In this case, system
20 is configured to be connected to, or comprises, a re-
mote control unit61, which can comprise apersonal com-
puter or an equivalent device. Remote control unit 61 has
a CPU, and is configured to receive an assistance re-
quest sent through telecommunication device 16 and to
interface with a remote operator 99. Remote control unit
61 comprises a remote input means 63 through which
remote operator 99 can set and modify the operation pa-
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rameters of system 20, generating instructions 62. Con-
trol unit 17 is configured to receive instructions 62 from
a data network 65, such as internet, and for transforming
them into cadence signals 17’ (figure) and then into wire-
less signals 15, through wireless transmission means 18.
[0063] The operation of system 20 is now described
with reference to Figs.11 and 12, in the second modifi-
cation or mode of use. Remote operator 99, after a step
of assessing mutual availability with subject 1, performs
a step 100 of connection with telecommunication device
16 of subject 1, or of an assistant of the latter, through
remote control unit 61. This can occur, for instance fol-
lowing a subject’s 1 request.

[0064] Once a step 199 of checking the presence of a
connection, remote control unit 61 starts and performs a
step 210,202 of calculating a predetermined cadence,
according to some parameters of subject 1, which are
known by the remote operator or are recorded in remote
control unit 61. Then, the remote control unit associates
the calculated cadence to an instruction packet 62 and
carries out a step 203 of sending instructions 62 to port-
able telecommunication device 16, through data network
65, using a conventional communication protocol. Upon
receiving instructions packet 62, the program, which is
resident in control unit 17 of telecommunication device
16, carries out a step 204 of alternately actuating vibro-
tactile hapticunits 11d,11s atthe calculated cadence dur-
ing a predetermined time, which is locally set in telecom-
munication device 16 or is received along with instruction
packets 62.

[0065] Fig. 13 shows a haptic system 30 according to
a further exemplary embodiment, which differs from de-
vice 20 in that it comprises a sensor 31 configured to
provide position signals 33 of subject’s 1 lower limb 6d,
preferably as position wireless signals 33. In this case,
the sensor is an accelerometer 33.

[0066] As well known, in a normal deambulation activ-
ity, i.e. in a subject’s walking or running activity, during
each step or jump, respectively, each point of the sub-
ject's body cyclically modifies its speed, and so cyclically
modifies its acceleration as well. This cyclical variation
is remarkable for each point of the subject’s legs. The
time interval between two corresponding points of two
consecutive acceleration cycles, or of a component
thereof, for example the time interval between two points
where acceleration is at a maximum, represents there-
fore the gait cadence of the subject’s walking or running
activity. Therefore, by extracting the maximum values
from the acceleration measured values, and by measur-
ing the time interval between two consecutive maximum
points, i.e. the number of maximum points that occur in
a given time unit, a true gait cadence value is obtained
pertaining the subject’s running or walking activity.
[0067] Such step of extracting the acceleration maxi-
mum values and of calculating the true gait cadence can
be carried out directly by an advanced accelerometer 31,
or by control unit 17, to which accelerometer 31 provides
all the measured acceleration data. In other words, ac-
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celerometer data 33 can be already cadence data, or raw
accelerometer data.

[0068] In the light of the above, accelerometer 31 is
preferably integral to one of vibrotactile devices 11d,11s
of device 30, in particular if these are worn on the sub-
ject’s legs. In this exemplary embodiment, actuation unit
14 (Fig.6) is configured to provide portable telecommu-
nication device 16 with wireless accelerometer signals
33, which are received and recorded in a memory unit,
not shown.

[0069] However,the sensorcanbe also adifferenttype
sensor, forinstance itcan be a contact or pressure sensor
arranged between lower limb 6d the soil, for example it
can be integrated in the insole or in the heel of a shoe
worn by subject 1 to be rehabilitated

[0070] Moreover, control unit 17 of system 30 is con-
figured to receive such position signals 33 of limb 6d, and
the program resident in it is configured to form a limb 6d
position data packet 72, and to send it to remote control
unit 61. This way, remote assistant 99 can receive a feed-
back of subject’s 1 performance and, according to this
feedback, can modify the rate of cadence pulse 19
(Fig.1).

[0071] In amodification of system 30 of Fig.13, control
unit 17 is configured to modify the rate of cadence pulse
19 responsive to wireless accelerometer signals 33.
[0072] In a further modification, control unit 17 is con-
figured to operate as shown in the flow-sheet of Fig.19,
i.e. to determine the current step rate according to wire-
less accelerometer signals 33, in order to compare it with
an actual cadence pulse rate, and for changing the actual
cadence pulse rate so as to obtain a modified cadence
pulse rate corresponding to the current step rate, if the
current step rate is not modified after a predetermined
time, in particular, set between 5 and 10 seconds.
[0073] Fig.14 shows a different operation mode of sys-
tem 30, where sensor 31 is arranged integral to a lower
limb 7 of a local rehabilitation trainer or assistant 3 who
makes subject 1 tio perform a motion rehabilitation pro-
cedure. In this case, sensor 31 can provide position sig-
nals 33 of leg 7. Control unit 17 is configured to receive
signals 33, and the cadence pulse generation program,
which is resident therein, is configured to modify the rate
of cadence pulse 19 (Fig.6) responsive to the position
signals. This way, subject 1 to be rehabilitated perceives
rehabilitation trainer’s 3 step rate through vibrations 13.
In other words, rehabilitation trainer 3, walking at a given
step rate, decides which step rate must be required to
subject 1.

[0074] Fig.15 shows a system 40, according to an ex-
emplary embodiment of the invention, which is used as
described with reference to Fig.14. System 40 differs
from system 30 in that it comprises, instead of acceler-
ometer 31, two right and left pressure sensors 41d,41s
stably arranged between right and left foot 7d,7s, respec-
tively, and soil 8, and also differs therefrom in that control
unit 17 is configured to receive position signals 43 of re-
habilitation trainer’s 3 two lower limbs 7d,7s. The pro-
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gram resident in control unit 17 is configured to analyse
signals 43 as described for signal 33 with reference to
Fig.14.

[0075] By such an arrangement of pressure sensors
41d,41s of Fig.15, signals 43 contain pulses that corre-
spond to steps in which rehabilitation trainer’'s 3 heels
are in contact with soil 8, but the sensor can be positioned
otherwise, in order to detect the contact with soil 8 of
different or wider regions of the soles of feet 7d,7s.
[0076] With reference to Fig.16, a haptic system 50 is
described according to a further exemplary embodiment,
comprising a first couple of right and left vibrotactile de-
vices 11d,11s and a second couple of right and left vi-
brotactile devices 21d,21s, each couple to be used by a
first subject 1 and a second subject 2, respectively. For
subjects 1,2 the system comprises first and second port-
able telecommunication devices 16,26, respectively,
comprising respective control units 17,27 and respective
wireless transmission means 18,28 for transmitting wire-
less signals 15 to first couple 11d,11s and to second cou-
ple 21d,21s, respectively, of vibrotactile devices, more
precisely to respective actuation units 14,24, so that the
latter generate and send corresponding cadence pulses
19,29 to motors 12,22, and these produce respective vi-
brations 13,23 that can be perceived by subjects 1 and 2.
[0077] Moreover, system 50 comprises an accelerom-
eter 31, which can be integrally mounted to one of vibro-
tactile devices 11d,11s of one of the two couples, in this
case the first couple. Corresponding control unit 17 is
configured to measure a first current step rate of subject
1 starting from wireless accelerometer signals 33 ob-
tained from accelerometer 31, and for communicating
this first current step rate, through data network 65, to
second portable telecommunication device 26, with
which second subject 2 is provided, in the form of data
packets 82. Control unit 27 of the second portable trans-
mission device is configured to extract the position sig-
nals associated to accelerometer signals 33 from packets
82, and the generation program resident therein is con-
figured to modify the rate of cadence pulse 29, sent to
right and left actuation units 24, responsive to said posi-
tion signals, in particular it is configured to generate ca-
dence pulses 29 with the same rate as the current step
rate of first subject 1, so that motors 22 transfer corre-
sponding vibrations 23 to lower limbs 6d,6s of second
subject 2, this way proposing the current step rate of first
subject 1, which plays the role of the main subject, to
second subject 2, who plays the role of a subordinate
subject.

[0078] Fig.17 shows a system 50’, according to anoth-
er exemplary embodiment of the invention, which differs
from system 50 in that it provides a single vibrotactile
device 11,21 for each subject 1,2. In particular, vibrotac-
tile device 11, with which the first subject is provided, is
similar to device 11 of Fig.16, or is similarly positioned
on the right leg of subject 1, whereas vibrotactile device
21, with which the second subject is provided, is config-
ured to be tightly worn about waist 6 of subject 2.
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[0079] Subjects 1 and 2 of Figs.16 and 17 are typically
two subjects who are far away from each other. The sys-
tem according to the invention enables these subjects 1
and 2 to walk or run synchronizing their own gait cadence,
which is an activity indicated here as "social running".
[0080] Fig.18 shows a haptic system 60, according to
a modification of system 50 of Fig.16, comprising two
accelerometers 31 and 32, with which the first subject
and the second subject 1,2 are provided. This way, sub-
jects 1 and 2 can swap their roles of main subject and
subordinate subject. To this purpose, second control unit
27 is configured to measure a second current step rate
related to the steps of second subject 2, starting from
wireless accelerometer signals 34 obtained from accel-
erometer 32, and is also configured to communicate this
second rate to first portable telecommunication device
16, with which the first subject is provided, in the form of
data packets 92. Control unit 17 of first portable trans-
mission device 16 is configured to extract the position
signals associated to accelerometer signals 34 from
packets 92 and the generation program resident therein
is configured to modify the rate of cadence pulse 19, sent
to right and left actuation units 14, responsive to said
position signals, in particular it is configured to generate
cadence pulses 19 with the same rate as the current step
rate of second subject 2, so that motors 12 transfer to
lower limbs 6d,6s of first subject 1 corresponding vibra-
tions 13, this way proposing the current step rate of sec-
ond subject 2 to first subject 1, who in this case can play
the role of a subordinate subject.

[0081] With reference to Figs.20-22, the operation of
system 50 is now described, which comprises (Fig.20) a
step 100 of connecting subjects 1 and 2, i.e. of connecting
respective telecommunication devices 16,26, and a step
300 of performing a "social running" activity by two sub-
jects 1 and 2.

[0082] In connection step 100, shown by the block di-
agram of Fig.21, itis assumed that at least at two subject
or users 1 and 2, who are in any case far away from one
another, are both interested in a social running activity.
Users 1 and 2 can choose among activities that can differ
from each other by some features of the path available
for running, such as altimetry data, speed general pa-
rameters to be respected, general difficulty rate, which
define different activity classes. Users 1 and 2 connect
themselves to a server, not shown, through a portal that
controls the social running service, which is available
through respective telecommunication devices 16,26,
and perform respective steps 121, 221 of requesting a
connection to system 50, or 60, described below. The
remote server performs steps 122,222 of evaluating the
two requests and, if they are accepted, it also performs
steps 123,223 of assigning the status of "user looking for
a mate" to users 1 and 2, who are typically identified by
their own server connection credentials.

[0083] The above assignment normally occurs at dif-
ferent times for the two or more subjects, whereby the
server periodically performs a step 130 of checking the
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presence of couples or even of plurality of users who are
interested in social running activities of the same class
or, in any case, who are compatible with one another in
connection with the difficulty and other issues. If a couple
is present of users 1 and 2 who are interested in a same
class and who have received status of "user looking for
a mate", the server carries out a step 140 of enabling
these users to getin contact with each other. In this case,
a menu for choosing a possible mate can be displayed
on the communication device of each user 1,2. Upon
mutual acceptance of a contact between two or more
users 1,2, acommunication channel is activated between
portable telecommunication devices 16 and 26, through
which data packets 82, 92 (Figs.17,18) are transferred.
[0084] Once this contact has been established, the so-
cial running comes into execution step 300, illustrated by
the block diagram of Fig.22, which considers users 1 and
2 engaged in a running or in a walking activity. User 1,
as indicated in Figs.17 and 18, has an accelerometer 31,
while user 2 may not have (Fig.17) or may have (Fig.18)
of an own accelerometer 32.

[0085] Control unit 17 of telecommunication device 16
of first user 1 cyclically performs steps 321 of reading the
acceleration of first subject 1 and 322 of detecting a gait
motion. In other words, control unit 17 checks if acceler-
ometer signals 33 obtained from accelerometer 31 can
be related to a gait motion, according to predefined pa-
rameter values. As an alternative, as anticipated when
describing Fig.13, the accelerometer signals can be pre-
viously filtered by accelerometer 31, in which case they
only contain the contributes of steps or jumps, which nor-
mally correspond to the maximum value of an accelera-
tion component that changes cyclically.

[0086] If accelerometer signals are present that can be
related to a step or to an elementary running act, i.e. a
jump, control unit 17 causes telecommunication device
16 to perform a step 323 of sending a "gait motion de-
tected" signal to telecommunication device 26 of second
user 2, which contains the acceleration or step rate val-
ues of user 1, through data network 65 (Figs.17 and 18).
Control unit 27 of telecommunication device 26 perma-
nently carries out a step 331 of listening to the commu-
nication channel activated upon establishing the contact.
Upon detecting the "detected gait motion" signal sent by
control unit17, and the corresponding acceleration value,
step 332, control unit 27 carries out a step 333 of actu-
ating of vibrotactile haptic devices 21d,21s (Figs.16 and
18), or a single vibrotactile haptic device, in a modification
of system 50 or 60, so that corresponding actuation unit
14 transfer cadence pulses 19 to motor 12 (Fig.6), ac-
cording to the rate of accelerometer signal 33, this way
suggesting user 2 to synchronize his/her own steps or
elementary running acts, to this rate.

[0087] The diagram of Fig.22 relates to the case where
user 1 plays the role of main user, who decides the ca-
dence to be followed by the other user or users by his/her
own gait, whereas user 2 plays the role of subordinate
user. This configuration is enabled by the system as in
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Figs.16 and 17. Fig.18, due to second accelerometer 32,
with which second user 2 is provided, makes it possible
to exchange roles between user 1 and user 2, with obvi-
ous modifications of the diagram of Fig.22. Fig.23 is a
diagram for the latter case, which summarizes the ele-
ments of system 60 and the steps of the procedure car-
ried out by system 60. These elements, notidentified with
words, can be recognized by reference numbers.
[0088] The systems according to the above-described
exemplary embodiments (Figs.1,10,13,17,18) may have
respective modifications 70 or 80, as diagrammatically
shown in Figs.24 and 25. In these modifications, portable
telecommunication device 16 comprises a navigation
system 43 configured to generate direction signals 66
responsive to a predetermined path 4 selected by subject
1 by him/herself, or for subject 1 by an assistant. Control
unit 17 of telecommunication device 16 is configured to
transmit further wireless signals 45 to the actuation unit
or units 14 (Fig.25) of vibrotactile devices 11d,11s, re-
sponsive to direction signals 66, besides signals 15 of
Fig.1, so that actuation unit 14 transfers direction pulses
49 to a further motor 42, in which direction pulses 49
have at least one feature different from cadence pulses
19 that actuate motor 12. This feature can be selected,
for instance, between the rate and the intensity of ca-
dence pulses 19.

[0089] For example, subject 1 of Fig.25, who follows
path 4, will receive a turn right indication once he has
crossed the street 5, preferably, in the form of vibrations
generated by the right vibrotactile device 11d worn on
right leg 2d, through further motor 42.

[0090] In a modification, shown in Fig.26, vibrotactile
devices 11d,11s comprise a single motor 12 as in Fig.6,
configured to generate cadence pulses 19 and 49 that
can be distinguished by subject 1 by at least one feature
different from one another, selected, for instance, as in-
dicated above, and is configured to transfer these ca-
dence and direction pulses 19,49 to single motor 12.
[0091] Fig.27 shows avibrotactile device 11d,11s, suit-
able for haptic systems 70 and 80. This vibrotactile device
differs from the device of Fig.6 in that it comprises, be-
sides motor 12, further motor 42, which is also configured
to generate vibrations. Actuation unit 14 is configured to
receive, besides wireless signals 15, further wireless sig-
nals 45 that control unit 17 causes to be emitted by wire-
less transmission means 18 according to direction sig-
nals 66, and is also configured to transfer direction pulses
49 to motor 42 responsive to wireless signals 45.
[0092] The foregoing description of exemplary embod-
iments of the invention will so fully reveal the invention
according to the conceptual point of view, so that others,
using the prior art, will be able to modify and/or adapt in
various applications the specific exemplary embodi-
ments without further research and without parting from
the invention, and, accordingly, it is meant that such ad-
aptations and modifications will have to be considered
as equivalent to the specific embodiments. The means
and the materials to carry out the different functions de-
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scribed herein could have a different nature without, for
this reason, departing from the field of the invention. It is
to be understood that the phraseology or terminology that
is employed herein is for the purpose of description and
not of limitation.

Claims

1. A haptic system (10,20,30,40,50,50'60,70,80) for
providing a gait cadence to a subject (1,2), said hap-
tic system comprising:

- a vibrotactile device (11,11d,11s,21,21d,21s)
connected to or comprising a band (11’) and so
configured to be tightly worn on a portion
(6,6d,6s) of said subject’s (1,2) body, and com-
prising:

- at least one motor (12,22) configured to
generate vibrations (13,23) that can be per-
ceived by said subject (1,2);

- an actuation unit (14,24) configured to ac-
tuate said motor (12,22),

characterised in that it further comprises

- a portable telecommunication device (16,26)
comprising a control unit (17,27) and a wireless
transmission means (18,28) configured to trans-
mit wireless signals (15);

and in that

- in said control unit (17,27) a generation pro-
gramisresident configured to generate cadence
signals (17’) and to transmit said wireless sig-
nals (15) responsive to said cadence signals
(17') by said wireless transmission means
(18,28) of said portable telecommunication de-
vice (16,26) to said actuation unit (14,24);

- said actuation unit (14,24) is configured to re-
ceive said wireless signals (15,25) from said
wireless transmission means (18,28) of said
portable telecommunication device (16,26) as
said signals are generated by said generation
program resident in said control unit (17,27) and
to cause said motor (12,22) to produce vibra-
tions responsive to said wireless control signals
(15,25);

- said generation program resident in said con-
trol unit (17,27) is configured to provide cadence
signals (17’) and to transmit said wireless sig-
nals (15) responsive to said cadence signals
(17’) in such a way that said actuation unit
(14,24) transmits corresponding cadence puls-
es (19,29) to said motor (12,22), in order to
cause said motor to generate said vibrations
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(13,23) in such a way that said subject (1,2) can
cadence the gait responsive to said cadence
pulses (19,29), and wherein said generation
program is configured to generate, through said
cadence signals (17°):

- a cadence pulse rate set between 0,5 and
3 pulses per second;

- a single pulse duration (D) set between
0,1 and 1,0 second;

- a repetition of said pulses for at least 30
seconds.

2. A haptic system (20,30,40,50,50°,60,70) according

to claim 1, comprising a couple of right (11d,21d)
and left (11s,21s) vibrotactile devices, each having:

- respective (12) right and left motors, each con-
figured to generate vibrations (13,23) that can
be perceived by said subject;

- respective right and left actuation units (14)
configured to actuate said right motor (12) and
said left motor (12), respectively,

and each configured to be tightly worn on a right part
(6d) and on a left part (6s) of said subject’s (1,2)
body, respectively, and wherein said generation pro-
gramis configured to cause said right motor (12) and
said left motor (12) to alternatively generate said ca-
dence pulses (19,29), globally respecting said ca-
dence pulse rate (19,29).

A haptic system (30,40) according to claim 1, com-
prising a sensor (31,32,41) configured to provide po-
sition signals (33,34,43) of a lower limb (6d,6s) in a
gait cycle to said control unit (17,27),

wherein said generation program, which is resident
in said control unit (17,27), is configured to modify
said cadence pulse rate (19,29) responsive to said
position signals (33,34).

A haptic system (30,40) according to claim 3, where-
in said sensor is selected from the group comprised
of:

- a pressure or contact sensor (41), and said
position signals are pressure or contact signals
(43) of a foot of said lower limb (6d,6s,7,7d,7s)
with a ground (8);

- an accelerometer (31,32), and said position
signals are accelerometer signals (33,34).

A haptic system (30) according to claim 3, wherein
said sensor (31,32) is separate from said vibrotactile
device (11,11d,11s,21,21d,21s).

A haptic system (30) according to claim 3, wherein
said sensor (31,32) is integral to said vibrotactile de-
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vice (11,11d,11s,21,21d,21s).

A haptic system (30,40) according to claim 3, where-
in said control unit (17,27) is configured to:

- measure a current step rate according to said
position signals (33, 34);

- comparing said current step rate with a current
value of said cadence pulse rate;

and wherein said generation program, which is res-
ident in said control unit (17,27), is configured to
modify said cadence pulse rate (19,29) from said
current value to a modified value corresponding to
said current step rate, if said current step rate is not
modified within a predetermined time (), in particu-
lar, set between 5 seconds and 10 seconds.

A haptic system (50,50’,60) according to claim 3,
wherein

- said subject is a first subject (1);

- said portable telecommunication device is a
first portable telecommunication device (16)
with a first control unit (17) and a first wireless
transmission means (18),

- said vibrotactile device is a first vibrotactile de-
vice (11,11d,11s) with a first motor (12) and a
first actuation unit (14),

and wherein said haptic system (50,60) also
comprises:

- a second portable telecommunication de-
vice (26) comprising a second control unit
(27) and a second wireless transmission
means (28);

- a second vibrotactile device (21,21d,21s)
comprising a second motor (22) configured
to generate vibrations (23) that can be per-
ceived by a second subject (2) and compris-
ing a second actuation unit (24) configured
to actuate said second motor (22);

wherein said first control unit (17) is configured
to measure a first current step rate starting from
said position signals (33) provided by said sen-
sor (31), and for wirelessly communicating said
first current step rate to said second portable
telecommunication device (26),

wherein in said second control unit (27) a gen-
eration program is resident configured to gen-
erate cadence signals and to transmit said ca-
dence signals through said second wireless
transmission means (28) to said second actua-
tion unit (24),

wherein said second actuation unit (24) is con-
figured to receive wireless signals (25) from said
second wireless transmission means (28) and
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to cause vibrations of said second motor (22)
responsive to said wireless signals (25),

so that a first subject (1) who wears said first
vibrotactile device (11,11d,11s) can haptically
communicate his/her own cadence to a second
subject (2) who wears said second vibrotactile
device (21,21d,21s).

A haptic system (60) according to claim 8, wherein
said sensor is a first sensor (31), and a second sen-
sor (32) is provided integral to said second vibrotac-
tile device (21,21d,21s) configured to provide posi-
tion signals (34) of said second subject’s (2) lower
limb (6d,6s) in a gait cycle,

wherein said second control unit (27) is config-
ured to measure a second current step rate of
said second subject (2) starting from position
signals (34) coming from said second sensor
(32), and for communicating said second current
step rate to said first portable telecommunica-
tion device (16),

such that said first subject (1) and said second
subject (2) can haptically synchronize their own
gait cadences with each other.

A haptic system according to claim 9, comprising a
plurality of vibrotactile devices having respective mo-
tors (12) and respective actuation units (14), a plu-
rality of portable telecommunication devices with re-
spective control units and respective wireless com-
munication means, and a plurality of sensors config-
ured to provide position signals of a lower limb of a
respective subject who wears one of said vibrotactile
devices in a gait cycle, and said generation program,
which is resident in each control unit, is configured
to cause a respective motor (12) to generate corre-
sponding cadence pulses having a cadence equal
to an average value of cadences detected starting
from said position signals.

A haptic system (70,80) according to claim 1, where-
in

- said portable telecommunication device (16)
comprises a navigation system (43) configured
to generate direction signals (66) according to
a predetermined path (4) selected for said sub-
ject (1);

- said control unit (17) is configured to transmit
to said actuation unit (14) further wireless sig-
nals (45) responsive to said direction signals
(66), so that said actuation unit (14) causes said
motor (12) to generate direction pulses (49),
wherein said direction pulses (49) differ from
said cadence pulses (19) by at least one feature
selected from the group comprised of:

- said pulse duration (D);
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- said repetition of said cadence pulses (19);
- an intensity of said cadence pulses (19),

in such a way that said subject recognizes said di-
rection pulses from said cadence pulses according
to said at least one feature.

A haptic system (70,80) according to claim 1, where-
in

- said portable telecommunication device (16)
comprises a navigation system (43) configured
to generate direction signals (66) according to
a predetermined path (4) selected for said sub-
ject (1);

- said control unit (17) is configured to transmit
to said actuation unit (14) further wireless sig-
nals (45) responsive to said direction signals
(66);

- wherein said vibrotactile device comprises a
further motor (42) arranged at a predetermined
distance from said motor (12,22);

- said actuation unit (14,24) is configured to
cause said further motor (42) to generate said
direction pulses (49),

in such a way that said subject perceives said direc-
tion pulses and said cadence pulses at different
points of said part of the body (6).

A haptic system (80) according to claim 2 and 11,
wherein said control unit (17) is configured to trans-
mit:

- said further wireless signals (45) responsive to
right direction signals (66) to said right actuation
unit (14), so that said right actuation unit (14)
causes said right motor (1,2) to generate right-
direction pulses (49);

- said further wireless signals (45) responsive to
left direction signals (66) to said left actuation
unit (14), so that said left actuation unit (14)
causes said left motor (12) to generate left-di-
rection pulses (49);

- said further wireless signals (45) responsive to
stop or U-turn direction signals (66) to both said
right and said left actuation units (14), so that
said right and left actuation units (14) cause both
said right and said left motors (12) to generate
stop or U-turn direction pulses (49).

A haptic system (80) according to claim 2 and 12,
wherein

- each of said right (11d,21d) and left (11s,21s)
vibrotactile devices has a respective right and
left further motor (42) configured to generate vi-
brations that can be perceived by said subject;
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- said actuation unit (14,24) is configured to
cause said further right motor (42) to generate
right-direction pulses (49), said further left motor
(42) to generate left-direction pulses (49) and
both said further right motor (42) and said further
left motor (42) to generate stop or U-turn direc-
tion pulses (49).

15. A haptic system according to claim 1, wherein said

motor is selected from the group comprised of:

- a motor comprising a driven rotating shaft in-
cluding an eccentrical portion;
- a voice coil-type motor.

Patentanspriiche

Haptisches System (10,20,30,40,50,50°60,70,80)
zum Bereitstellen eines Gangrhythmus fur ein Sub-
jekt (1,2), wobei das haptische System Folgendes
umfasst:

- eine vibrotaktile Vorrichtung
(11,11d,11s,21,21d,21s), die mit einem Band
(11’) verbundenist oder ein solches umfasstund
dazu konfiguriert ist, eng an einem Abschnitt
(6,6d,6s) des Korpers des Subjekts (1,2) getra-
gen zu werden, umfassend:

- mindestens einen Motor (12,22), der dazu kon-
figuriert ist, Vibrationen (13,23) zu generieren,
die von dem Subjekt (1,2) wahrgenommen wer-
den koénnen;

- eine Betatigungseinheit (14,24), die dazu kon-
figuriert ist, den Motor (12,22) zu betatigen,

dadurch gekennzeichnet, dass es ferner Folgen-
des umfasst

- eine tragbare Telekommunikationsvorrichtung
(16,26), die eine Steuereinheit (17,27) und ein
drahtloses Ubertragungsmittel (18,28) umfasst,
das dazu konfiguriert ist, drahtlose Signale (15)
zu Ubertragen;

und dass

- in der Steuereinheit (17,27) ein Generierungs-
programm resident ist, das dazu konfiguriert ist,
Rhythmussignale (17’) zu generieren und die
drahtlosen Signale (15) als Reaktion auf die
Rhythmussignale (17’) durch das drahtlose
Ubertragungsmittel (18,28) der tragbaren Tele-
kommunikationsvorrichtung (16,26) an die Be-
tatigungseinheit (14,24) zu Ubertragen;

- die Betatigungseinheit (14,24) dazu konfigu-
riert ist, die drahtlosen Signale (15,25) von dem
drahtlosen Ubertragungsmittel (18,28) der trag-
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baren Telekommunikationsvorrichtung (16,26)
zu empfangen, wenn die Signale durch das in
der Steuereinheit (17,27) residente Generie-
rungsprogramm generiert werden, und den Mo-
tor (12,22) zu veranlassen, als Reaktion auf die
drahtlosen Steuersignale (15,25) Vibrationen zu
erzeugen;

- das in der Steuereinheit (17,27) residente Ge-
nerierungsprogramm dazu konfiguriert ist,
Rhythmussignale (17’) bereitzustellen und die
drahtlosen Signale (15) als Reaktion auf die
Rhythmussignale (17’) derart zu senden, dass
die Betatigungseinheit (14,24) entsprechende
Rhythmusimpulse (19,29) an den Motor (12,22)
Ubertragt, um den Motor zu veranlassen, die Vi-
brationen (13,23)derart zu generieren, dass das
Subjekt (1,2) den Gang als Reaktion auf die
Rhythmusimpulse (19,29) kadenzieren kann,
und wobei das Generierungsprogramm dazu
konfiguriertist, durch die Rhythmussignale (17°)
Folgendes zu generieren:

- eine Rhythmusimpulsfrequenz, die zwischen
0,5 und 3 Impulsen pro Sekunde eingestellt ist;
- eine Einzelimpulsdauer (D), die zwischen 0,1
und 1,0 Sekunden eingestellt ist;

- eine Wiederholung der Impulse fiir mindestens
30 Sekunden.

Haptisches System (20,30,40,50,50°,60,70) nach
Anspruch 1, umfassend ein paar rechte (11d,21d)
und linke (11s,21s) vibrotaktile Vorrichtungen, die
jeweils Folgendes aufweisen:

- jeweilige (12) rechte und linke Motoren, die je-
weils dazu konfiguriert sind, Vibrationen (13,23)
zu generieren, die von dem Subjekt wahrge-
nommen werden kénnen;

- jewelige rechte und linke Betatigungseinheiten
(14), die dazu konfiguriert sind, den rechten Mo-
tor (12) und den linken Motor (12) zu betatigen,

und jeweils dazu konfiguriert sind, eng an einem
rechten Teil (6d) und an einem linken Teil (6s) des
Korpers des Subjekts (1,2) getragen zu werden, und
wobei das Generierungsprogramm dazu konfiguriert
ist, den rechten Motor (12) und den linken Motor (12)
zu veranlassen, alternativ die Rhythmusimpulse
(19,29) zu generieren, wobei die Rhythmusimpuls-
frequenz (19,29) insgesamt beriicksichtigt wird.

Haptisches System (30,40) nach Anspruch 1, um-
fassend einen Sensor (31,32,41), der dazu konfigu-
riert ist, Positionssignale (33,34,43) einer unteren
Gliedmale (6d,6s)in einem Gangzyklus an die Steu-
ereinheit (17,27) bereitzustellen,

wobei das in der Steuereinheit (17,27) residente Ge-
nerierungsprogramm, dazu konfiguriert ist, die
Rhythmusimpulsfrequenz (19,29) als Reaktion auf
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die Positionssignale (33,34) zu modifizieren.

4. Haptisches System (30,40) nach Anspruch 3, wobei

der Sensor aus der Gruppe ausgewahlt ist, die Fol-
gendes umfasst:

- einen Druck- oder Kontaktsensor (41), und die
Positionssignale sind Druck- oder Kontaktsig-
nale (43) eines Fules der unteren Gliedmale
(6d,6s,7,7d,7s) mit einem Boden (8);

- einen Beschleunigungsmesser (31,32) und die
Positionssignale sind Beschleunigungsmesser-
signale (33,34).

Haptisches System (30) nach Anspruch 3, wobei der
Sensor (31,32) von der vibrotaktilen Vorrichtung
(11,11d,11s,21,21d, 21s) getrennt ist.

Haptisches System (30) nach Anspruch 3, wobei der
Sensor (31,32) integraler Bestandteil der vibrotakti-
len Vorrichtung (11,11d,11s,21,21d,21s) ist.

Haptisches System (30,40) nach Anspruch 3, wobei
die Steuereinheit (17,27) konfiguriert ist zum:

- Messen einer aktuellen Schrittfrequenz an-
hand der Positionssignale (33,34);

- Vergleichen der aktuellen Schrittfrequenz mit
einem aktuellen Wert der Rhythmusimpulsfre-
quenz;

und wobei das in der Steuereinheit (17,27) residente
Generierungsprogramm dazu konfiguriert ist, die
Rhythmusimpulsfrequenz (19,29) von dem aktuel-
len Wert auf einen modifizierten Wert zu modifizie-
ren, der der aktuellen Schrittfrequenz entspricht, so-
fern die aktuelle Schrittfrequenz nichtinnerhalb einer
vorgegebenen Zeit (1), insbesondere zwischen 5 Se-
kunden und 10 Sekunden eingestellt, modifiziert
wird.

Haptisches System (50,50°,60) nach Anspruch 3,
wobei

- das Subjekt ein erstes Subjekt (1) ist;

- die tragbare Telekommunikationsvorrichtung
eine erste tragbare Telekommunikationsvor-
richtung (16) mit einer ersten Steuereinheit (17)
und einem ersten drahtlosen Ubertragungsmit-
tel (18) ist,

- die vibrotaktile Vorrichtung eine erste vibrotak-
tile Vorrichtung (11,11d,11s) mit einem ersten
Motor (12) und einer ersten Betatigungseinheit
(14) ist,

und wobei das haptische System (50,60) auler-
dem Folgendes umfasst:

- eine zweite tragbare Telekommunikati-
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onsvorrichtung (26), die eine zweite Steu-
ereinheit (27) und ein zweites drahtloses
Ubertragungsmittel (28) umfasst;

- eine zweite vibrotaktile Vorrichtung
(21,21d,21s), die einen zweiten Motor (22)
umfasst, der dazu konfiguriert ist, Vibratio-
nen (23) zu generieren, die von einem zwei-
ten Subjekt (2) wahrgenommen werden
kénnen, und die eine zweite Betatigungs-
einheit (24) umfasst, die dazu konfiguriert
ist, den zweiten Motor (22) zu betatigen;

wobei die erste Steuereinheit (17) dazu konfi-
guriert ist, ausgehend von den von dem Sensor
(31) bereitgestellten Positionssignalen (33) eine
erste aktuelle Schrittfrequenz zu messen und
diese erste aktuelle Schrittfrequenz drahtlos an
die zweite tragbare Telekommunikationsvor-
richtung (26) zu Ubermitteln,

wobei in der zweiten Steuereinheit (27) ein Ge-
nerierungsprogramm resident ist, das dazu kon-
figuriert ist, Rhythmussignale zu generieren und
die Rhythmussignale durch das zweite drahtlo-
se Ubertragungsmittel (28) an die Betétigungs-
einheit (24) zu Ubertragen,

wobei die zweite Betatigungseinheit (24) dazu
konfiguriert ist, drahtlose Signale (25) von dem
zweiten drahtlosen Ubertragungsmittel (28) zu
empfangen, und Vibrationen des zweiten Mo-
tors (22) als Reaktion auf die drahtlosen Signale
(25) zu veranlassen,

so dass ein erstes Subjekt (1), das die erste vi-
brotaktile Vorrichtung (11,11d,11s) tragt, sei-
nen/ihren eigenen Rhythmus an ein zweites
Subjekt (2), das die zweite vibrotaktile Vorrich-
tung (21,21d,21s) tragt, haptisch tbermitteln
kann.

Haptisches System (60) nach Anspruch 8, wobeider
Sensorein erster Sensor (31) istund ein zweiter Sen-
sor (32) als integraler Bestandteil der zweiten vibro-
taktilen Vorrichtung (21,21d,21s) bereitgestellt wird,
die dazu konfiguriert ist, Positionssignale (34) der
unteren Gliedmale (6d,6s) des zweiten Subjekts (2)
in einem Gangzyklus bereitzustellen,

wobei die zweite Steuereinheit (27) dazu konfi-
guriert ist, eine zweite aktuelle Schrittfrequenz
des zweiten Subjekts (2) ausgehend von Posi-
tionssignalen (34)zu messen, die von dem zwei-
ten Sensor (32) kommen, und die zweite aktu-
elle Schrittfrequenz an die erste tragbare Tele-
kommunikationsvorrichtung (16) zu Gibermitteln,
so dass das erste Subjekt (1) und das zweite
Subjekt (2) ihre eigene Gangrhythmen haptisch
untereinander synchronisieren kdnnen.

10. Haptisches System nach Anspruch 9, umfassend ei-
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ne Vielzahl von vibrotaktilen Vorrichtungen mit je-
weiligen Motoren (12) und jeweiligen Betatigungs-
einheiten (14), eine Vielzahl von tragbaren Telekom-
munikationsvorrichtungen mit jeweiligen Steuerein-
heiten und jeweiligen drahtlosen Kommunikations-
mitteln und einer Vielzahl von Sensoren, die dazu
konfiguriert sind, Positionssignale einer unteren
Gliedmalle eines jeweiligen Subjekts bereitzustel-
len, das in einem Gangzyklus eine der vibrotaktilen
Vorrichtungen tragt, und wobei das in jeder Steuer-
einheit residente Generierungsprogramm dazu kon-
figuriert ist, einen jeweiligen Motor (12) zu veranlas-
sen entsprechende Rhythmusimpulse mit einer
Rhythmus zu generieren, der einem Durchschnitts-
wert von ausgehend von den Positionssignalen er-
fassten Rhythmen entspricht.

11. Haptisches System (70,80) nach Anspruch 1, wobei

- die tragbare Telekommunikationsvorrichtung
(16) ein Navigationssystem (43) umfasst, das
dazu konfiguriert ist, Richtungssignale (66) ge-
maf einem vorbestimmten Pfad (4), der fur das
Subjekt (1) ausgewahlt wurde, zu generieren;
- die Steuereinheit (17) dazu konfiguriert ist, als
Reaktion auf die Richtungssignale (66) weitere
drahtlose Signale (45) an die Betatigungseinheit
(14) zu Ubertragen, sodass die Betatigungsein-
heit (14) den Motor (12) veranlasst, Richtungs-
impulse (49) zu generieren, wobei sich die Rich-
tungsimpulse (49) von den Rhythmusimpulsen
(19) durch mindestens ein Merkmal unterschei-
den, das aus der Gruppe ausgewahltist, die Fol-
gendes umfasst:

- die Impulsdauer (D);

- die Wiederholung der Rhythmusimpulse
(19);

- eine Intensitat der Rhythmusimpulse (19),

derart, dass das Subjekt anhand des mindestens ei-
nen Merkmals die Richtungsimpulse aus den Rhyth-
musimpulsen erkennt.

12. Haptisches System (70,80) nach Anspruch 1, wobei

- die tragbare Telekommunikationsvorrichtung
(16) ein Navigationssystem (43) umfasst, das
dazu konfiguriert ist, Richtungssignale (66) ge-
maR einem vorbestimmten Pfad (4) zu generie-
ren, der fur das Subjekt (1) ausgewahlt wurde;
- die Steuereinheit (17) dazu konfiguriert ist, als
Reaktion auf die Richtungssignale (66) weitere
drahtlose Signale (45) an die Betatigungseinheit
(14) zu Ubertragen;

- wobei die vibrotaktile Vorrichtung einen weite-
ren Motor (42) umfasst, der in einem vorbe-
stimmten Abstand von dem Motor (12,22) an-
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geordnet ist;

- die Betatigungseinheit (14,24) dazu konfigu-
riertist, den weiteren Motor (42) zu veranlassen,
die Richtungsimpulse (49) zu generieren,

derart, dass das Subjekt die Richtungsimpulse und
die Rhythmusimpulse an unterschiedlichen Punkten
des Teils des Korpers (6) wahrnimmt.

Haptisches System (80) nach Anspruch 2 und 11,
wobei die Steuereinheit (17) dazu konfiguriert ist,
Folgendes zu Ubertragen:

- die weiteren drahtlosen Signale (45) als Reak-
tion auf Rechtsrichtungssignale (66) an die
rechte Betatigungseinheit (14), sodass die rech-
te Betatigungseinheit (14) den rechten Motor
(1,2) veranlasst, Rechtrichtungsimpulse (49) zu
generieren,

- die weiteren drahtlosen Signale (45) als Reak-
tion auf Linksrichtungssignale (66) an die linke
Betatigungseinheit (14), sodass die linke Beta-
tigungseinheit (14) den linken Motor (12) veran-
lasst, Linksrichtungsimpulse (49) zu generieren;
- die weiteren drahtlosen Signale (45) als Reak-
tion auf Stopp- oder Wenderichtungssignale
(66) sowohl an die rechte als auch die linke Be-
tatigungseinheit (14), sodass die rechte und lin-
ke Betatigungseinheit (14) sowohl den rechten
als auch den linken Motoren (12) veranlassen,
Stopp- oder Wenderichtungsimpulse (49) zu ge-
nerieren.

14. Haptisches System (80) nach Anspruch 2 und 12,

wobei

- jede der rechten (11d,21d) und linken
(11s,21s) vibrotaktilen Vorrichtungen einen je-
weiligen rechten und linken weiteren Motor (42)
aufweist, der dazu konfiguriert ist, Vibrationen
zu generieren, die von dem Subjekt wahrge-
nommen werden kénnen;

- die Betatigungseinheit (14,24) dazu konfigu-
riert ist, den weiteren rechten Motor (42) zu ver-
anlassen, Rechtrichtungsimpulse (49) zu gene-
rieren, den weiteren linken Motor (42) zu veran-
lassen, Linksrichtungsimpulse (49) zu generie-
ren, und sowohl den weiteren rechten Motor (42)
als auch den weiteren linken Motor (42) zu ver-
anlassen, Stopp- oder Wenderichtungsimpulse
(49) zu generieren.

15. Haptisches System nach Anspruch 1, wobei der Mo-

tor aus der Gruppe ausgewahlt ist, die Folgendes
umfasst:

- einen Motor, der eine angetriebene Drehwelle
mit einem exzentrischen Abschnitt umfasst;
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- einen Motor vom Schwingspulentyp.

Revendications

Systeme haptique (10, 20, 30, 40, 50, 50’, 60, 70,
80) destiné a assurer une cadence de marche a un
sujet (1, 2), ledit systeme haptique comprenant :

- un dispositif vibrotactile (11, 11d, 11s, 21, 21d,
21s) relié a ou comprenant une bande (11’) et
ainsi configuré pour étre porté étroitement sur
une partie (6, 6d, 6s) du corps dudit sujet (1, 2),
et comprenant :

- au moins un moteur (12, 22) configuré pour
générer des vibrations (13, 23) qui peuvent étre
percues par ledit sujet (1, 2) ;

- une unité d’actionnement (14, 24) configurée
pour actionner ledit moteur (12, 22),

caractérisé en ce qu’il comprend en outre :

- un dispositif de télécommunication portable
(16, 26) comprenant une unité de commande
(17, 27) et un moyen de transmission sans fil
(18, 28) configuré pour transmettre des signaux
sans fil (15) ;

et en ce que

- un programme de génération résidant dans la-
dite unité de commande (17, 27), ledit program-
me de génération étant configuré pour générer
des signaux de cadence (17’) et pour transmet-
tre lesdits signaux sans fil (15) en réaction
auxdits signaux de cadence (17’) au moyen des-
dits moyens de transmission sans fil (18, 28)
dudit dispositif de télécommunication portable
(16, 26) a ladite unité d’actionnement (14, 24) ;
- ladite unité d’actionnement (14, 24) est confi-
gurée pour recevoir lesdits signaux sans fil (15,
25) en provenance desdits moyens de transmis-
sion sans fil (18, 28) dudit dispositif de télécom-
munication portable (16, 26) lorsque lesdits si-
gnaux sont générés par ledit programme de gé-
nération résident dans ladite unité de comman-
de (17, 27) et pour amener ledit moteur (12, 22)
a produire des vibrations en réaction auxdits si-
gnaux de commande sans fil (15, 25) ;

- ledit programme de génération résidant dans
ladite unité de commande (17, 27) est configuré
pour fournir des signaux de cadence (17’) et
pour transmettre lesdits signaux sans fil (15) en
réaction auxdits signaux de cadence (17’) de
sorte que ladite unité d’actionnement (14, 24)
transmette des impulsions de cadence corres-
pondantes (19, 29) audit moteur (12, 22), afin
d’amener ledit moteur a générer lesdites vibra-
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tions (13, 23) de sorte que ledit sujet (1, 2) puisse
cadencer sa marche en réaction auxdites impul-
sions de cadence (19, 29), et ledit programme
de génération étant configuré pour générer, par
lintermédiaire desdits signaux de cadence
7):

- une fréquence d’impulsions de cadence
réglée entre 0,5 et 3 impulsions par
seconde ;

-unedurée (D) d’une impulsion réglée entre
0,1 et 1,0 seconde ;

- une répétition desdites impulsions pen-
dant au moins 30 secondes.

Systeme haptique (20, 30, 40, 50, 50’, 60, 70) selon
la revendication 1, comprenant un couple de dispo-
sitifs vibrotactiles droit (11d, 21d) et gauche (11s,
21s), chacun comportant :

- des moteurs (12) droit et gauche respectifs,
configurés chacun pour générer des vibrations
(13, 23) qui peuvent étre pergues par ledit sujet ;
- des unités d’actionnement (14) droite et gau-
che respectives, configurées pour actionner le-
dit moteur droit (12) et ledit moteur gauche (12),
respectivement,

et chacun configuré pour étre porté étroitement sur
une partie droite (6d) et sur une partie gauche (6s)
du corps dudit sujet (1, 2), respectivement, et ledit
programme de génération étant configuré pour ame-
ner ledit moteur droit (12) et ledit moteur gauche (12)
a générer alternativement lesdites impulsions de ca-
dence (19, 29), en respectant globalement ladite fré-
quence d’'impulsions de cadence (19, 29).

Systeme haptique (30, 40) selon la revendication 1,
comprenant un capteur (31, 32, 41) configuré pour
délivrer des signaux de position (33, 34, 43) d'un
membre inférieur (6d, 6s) dans un cycle de marche
a ladite unité de commande (17, 27), ledit program-
me de génération, qui réside dans ladite unité de
commande (17, 27), étant configuré pour modifier
ladite fréquence d’impulsions de cadence (19, 29)
en réaction auxdits signaux de position (33, 34).

Systeme haptique (30, 40) selon la revendication 3,
ledit capteur étant sélectionné dans le groupe cons-
titué par :

- un capteur de pression ou de contact (41), et
lesdits signaux de position étant des signaux de
pression ou de contact (43) du pied dudit mem-
bre inférieur (6d, 6s, 7, 7d, 7s) avec le sol (8) ;
- un accélérometre (31, 32), et lesdits signaux
de position étant des signaux d’accéléromeétre
(33, 34).
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Systeme haptique (30) selon la revendication 3, ledit
capteur (31, 32) étant distinct dudit dispositif vibro-
tactile (11, 11d, 11s, 21, 21d, 21s).

Systeme haptique (30) selon la revendication 3, ledit
capteur (31, 32) faisant partie intégrante dudit dis-
positif vibrotactile (11, 11d, 11s, 21, 21d, 21s).

Systeme haptique (30, 40) selon la revendication 3,
ladite unité de commande (17, 27) étant configurée
pour :

- mesurer une fréquence de pas courante en
fonction desdits signaux de position (33, 34) ;
- comparer ladite fréquence de pas courante a
une valeur courante de ladite fréquence d’'im-
pulsions de cadence ;

et ledit programme de génération, qui réside dans
ladite unité de commande (17, 27), étant configuré
pour modifier ladite fréquence d’'impulsions de ca-
dence (19, 29) a partir de ladite valeur courante a
une valeur modifiée correspondant a ladite fréquen-
ce de pas courante, si ladite fréquence de pas cou-
rante n’est pas modifiée dans un temps prédétermi-
né (1), en particulier, réglée entre 5 secondes et 10
secondes.

Systeme haptique (50, 50’, 60) selon la revendica-
tion 3,

- ledit sujet étant un premier sujet (1) ;

- ledit appareil de télécommunication portable
étant un premier appareil de télécommunication
portable (16) doté d’'une premiére unité de com-
mande (17) et d’'un premier moyen de transmis-
sion sans fil (18),

- ledit dispositif vibrotactile étant un premier dis-
positif vibrotactile (11, 11d, 11s) doté d'un pre-
mier moteur (12) et d’'une premiére unité d’ac-
tionnement (14),

et ledit systéme haptique (50, 60) comprenant
également :

- un second appareil de télécommunication
portable (26) comprenant une seconde uni-
té de commande (27) et un second moyen
de transmission sans fil (28) ;

- un second dispositif vibrotactile (21, 21d,
21s) comprenant un second moteur (22)
configuré pour générer des vibrations (23)
qui peuvent étre pergues par un second su-
jet (2) et comprenant une seconde unité
d’actionnement (24) configurée pour ac-
tionner ledit second moteur (22) ;

ladite premiére unité de commande (17) étant
configurée pour mesurer une premiere fréquen-
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ce de pas courante en partant desdits signaux
de position (33) fournis par ledit capteur (31), et
pour communiquer sans fil ladite premiére fré-
quence de pas courante audit second dispositif
de télécommunication portable (26),

un programme de génération résidant dans la-
dite seconde unité de commande (27), ledit pro-
gramme de génération étant configuré pour gé-
nérer des signaux de cadence et pour transmet-
tre lesdits signaux de cadence par lesdits se-
conds moyens de transmission sans fil (28) a
ladite seconde unité d’actionnement (24),
ladite seconde unité d’actionnement (24) étant
configurée pour recevoir des signaux sans fil
(25) en provenance desdits seconds moyens de
transmission sans fil (28) et pour provoquer des
vibrations dudit second moteur (22) en réaction
auxdits signaux sans fil (25),

de sorte qu’un premier sujet (1) qui porte ledit
premier dispositif vibrotactile (11, 11d, 11s)
puisse communiquer haptiguement sa propre
cadence a un second sujet (2) qui porte ledit
second dispositif vibrotactile (21, 21d, 21s).

Systeme haptique (60) selon larevendication 8, ledit
capteur étant un premier capteur (31), et un second
capteur (32) étant pourvu en faisant partie intégrante
dudit second dispositif vibrotactile (21, 21d, 21s), le-
dit second capteur étant configuré pour délivrer des
signaux de position (34) du membre inférieur (6d,
6s) dudit second sujet (2) dans un cycle de marche,
ladite seconde unité de commande (27) étant confi-
gurée pour mesurer une seconde fréquence de pas
courante dudit second sujet (2) en partant des si-
gnaux de position (34) provenant dudit second cap-
teur (32), et pour communiquer ladite seconde fré-
quence de pas courante audit premier dispositif de
télécommunication portable (16), de sorte que ledit
premier sujet (1) et ledit second sujet (2) puissent
synchroniser haptiquement leur propre cadences de
marche 'un par rapport a l'autre.

Systeme haptique selon la revendication 9, compre-
nant une pluralité de dispositifs vibrotactiles compor-
tant des moteurs respectifs (12) et des unités d’ac-
tionnement respectives (14), une pluralité de dispo-
sitifs de télécommunication portables dotés d’unités
de commande respectives et de moyens de commu-
nication sans fil respectifs, et une pluralité de cap-
teurs configurés pour délivrer des signaux de posi-
tion d’'un membre inférieur d’un sujet respectif qui
porte I'un desdits dispositifs vibrotactiles dans un cy-
cle de marche, et ledit programme de génération,
quiréside dans chaque unité de commande, est con-
figuré pour amener un moteur respectif (12) a géné-
rerdesimpulsions de cadence correspondantes pré-
sentant une cadence égale a une valeur moyenne
des cadences détectées en partant desdits signaux
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de position.
Systeme haptique (70, 80) selon la revendication 1,

- ledit dispositif de télécommunication portable
(16) comprenant un systéme de navigation (43)
configuré pour générer des signaux de direction
(66) selon un trajet prédéfini (4) sélectionné pour
ledit sujet (1) ;

-ladite unité de commande (17) étant configurée
pour transmettre a ladite unité d’actionnement
(14) des signaux sans fil supplémentaires (45)
en réaction auxdits signaux de direction (66), de
sorte que ladite unité d’actionnement (14) ame-
ne ledit moteur (12) a générer des impulsions
de direction (49), lesdites impulsions de direc-
tion (49) différant desdites impulsions de caden-
ce (19) d’au moins une caractéristique choisie
dans le groupe constitué par :

- ladite durée (D) d’une impulsion ;

- ladite répétition desdites impulsions de ca-
dence (19) ;

- lintensité desdites impulsions de cadence
(19),

de sorte que ledit sujet reconnaisse lesdites impul-
sions de direction a partir desdites impulsions de ca-
dence conformément a ladite au moins une carac-
téristique.

Systeme haptique (70, 80) selon la revendication 1,

- ledit dispositif de télécommunication portable
(16) comprenant un systéme de navigation (43)
configuré pour générer des signaux de direction
(66) selon un trajet prédéfini (4) sélectionné pour
ledit sujet (1) ;

-ladite unité de commande (17) étant configurée
pour transmettre a ladite unité d’actionnement
(14) des signaux sans fil supplémentaires (45)
en réaction auxdits signaux de direction (66) ;
- ledit dispositif vibrotactile comprenant un mo-
teur supplémentaire (42) agencé a une distance
prédéfinie dudit moteur (12, 22) ;

- ladite unité d’actionnement (14, 24) étant con-
figurée pour amener ledit moteur supplémentai-
re (42) agénérerlesditesimpulsions de direction
(49),

de sorte que ledit sujet pergoive lesdites impulsions
de direction et lesdites impulsions de cadence en
différents points de ladite partie du corps (6).

Systeme haptique (80) selon les revendications 2 et
11, ladite unité de commande (17) étant configurée
pour transmettre :
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- lesdits signaux sans fil supplémentaires (45)
produits en réaction aux signaux de direction
droite (66) a ladite unité d’actionnement droite
(14), de sorte que ladite unité d’actionnement
droite (14) améne ledit moteur droit (1,2) a gé- %
nérer des impulsions de direction droite (49) ;

- lesdits signaux sans fil supplémentaires (45)
produits en réaction aux signaux de direction
gauche (66) a ladite unité d’actionnement gau-

che (14), de sorte que ladite unité d’actionne- 170
ment gauche (14) améne ledit moteur gauche
(12) a générer des impulsions de direction
gauche(49) ;

- lesdits signaux sans fil supplémentaires (45)
produits en réaction aux signaux d’arrét ou de 15
direction de demi-tour (66) a la fois auxdites uni-

tés d’actionnementdroite et gauche (14), de sor-

te que lesdites unités d’actionnement droite et
gauche (14) ameénent a la fois ledit moteur droit

et ledit moteur gauche (12) a générer des im- 20
pulsions d’arrét ou de direction de de demi-tour
(49).

14. Systéeme haptique (80) selon les revendications 2 et
12, 25

- chacun desdits dispositifs vibrotactiles droit
(11d, 21d) et gauche (11s, 21s) comportant des
moteurs supplémentaires droit et gauche res-
pectifs (42) configurés pour générer des vibra- 30
tions qui peuvent étre pergues par ledit sujet ;

- ladite unité d’actionnement (14, 24) étant con-
figurée pour amener ledit moteur droit supplé-
mentaire (42) a générer des impulsions de di-
rection droite (49), ledit moteur gauche supplé- 35
mentaire (42) a générer des impulsions de di-
rection gauche (49) et a la fois ledit moteur droit
supplémentaire (42) et ledit moteur gauche sup-
plémentaire (42) a générer des impulsions d’ar-

rét ou de demi-tour (49). 40

15. Systéme haptique selon la revendication 1, ledit mo-
teur étant choisi dans le groupe constitué par :

- un moteur comprenant un arbre rotatif a en- 45
trailnement comprenant une partie excentrique ;
- un moteur de type bobine mobile.
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